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(54) Push-push Oscillator 

(57) A push-push oscillator is formed by (a) a reso- 
nator circuit including a transmission line having one- 
half wavelength and both ends of the line being left 
open, and a capacitance for frequency control coupled 
to the transmission line in parallel, and (b) two oscillators 
electrically identical to each other and their input sec- 
tions being coupled to both the ends of the transmission 



line. Further, this oscillator can take out an output signal 
of even-order-harmonics from a midpoint of the trans- 
mission line in a transmitting direction as well as take 
out two fundamental waves from respective output sec- 
tions of two branch oscillators. This push-push oscillator 
operating with a high frequency is downsized and sim- 
plified from a conventional one. Its phase-noise-charac- 
teristics and noise immunity are also improved. 
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Description 

Field of the Invention 

[0001] The present invention relates to a push-push 
oscillator employed in a wireless communication appa- 
ratus and measuring instrument, both of which handle 
high-frequency-bands. 

Background of the Invention 

[0002] The push-push oscillator, in general, uses a 
resonator which electrically resonates at an oscillating 
frequency Fig. 10A through Fig 10C illustrate this prior 
art. Fig. 10A and Fig. 10B depict resonators employed 
in the prior art. The resonator in Fig. 1 0B is a hairpin 
resonator which is transformed from the resonator in 
Fig. 10A. Both the resonators are electrically almost 
identical. Resonators formed by a transmission line 
such as a stripline have been widely used. This resona- 
tor is disclosed in the document of "integrated Circuit for 
Microwave" written by Yoshihiro Konishi and published 
from "SAMPO" in 1 973. Fig. 10C illustrates an entire cir- 
cuit of the oscillator, which is disclosed in the document 
of "Push-Push VCO Design with CAD Tools" written by 
Zvi Nativ and Yair Shur, and published from Microwave 
Journal in February 1989. Japanese Utility Model Pub- 
lication No. HO6-73910 also teaches this idea The os- 
cillator in Fig. 10C comprises the following elements. 

(a) resonator circuit 102 comprising a transmission 
lino which length being one-half wavelength of a 
fundamental wave, and both the ends being left 
open; 

(b) oscillator circuit 105 comprising two branch os- 
cillators 103 and 104 employing Colpitts oscillator 
and the like, the two branch oscillators being elec- 
trically identical; 

(c) in-phase addition circuit 106 comprising two 
transmission lines having an equal electrical length 
and another transmission line; and 

(d) output terminal 107. 

[0003] Two output signals tapped off from circuit 105 
include fundamental wave components, and its odd-or- 
der as well as even-order harmonics-wave-compo- 
nents. The fundamental wave component and its odd- 
order harmonic-wave-component are cancelled by cir- 
cuit 106, whereby they are scarcely supplied to output 
terminal 1 07; however, the even-order harmonic-wave- 
component is added in-phase by circuit 106 and sup- 
plied from terminal 1 07. This oscillator yet has one out- 
put terminal as Fig. 10C illustrates and an output signal 
obtained therefrom is thus nothing but a single phase. 
Comparing with a regular circuit which obtains oven -or- 
der-harmonics by multiplying an output signal supplied 
from a single oscillator, this oscillator needs an in-phase 
addition circuit which occupies a physically large space. 



Further, when this oscillator is employed in a PLL fre- 
quency synthesizer, the output signal of the oscillator 
must bo supplied to two circuits, i.e. a PLL circuit and 
an external circuit, although the oscillator has one output 
s terminal, which eventually demands additional circuits. 
[0004] The conventional oscillator discussed above 
has the following problems: 

(1) The oscillator is not adequate for devices and 
'0 instruments which need to be smaller in size, be- 
cause it requires not only large dimensions but also 
needs a complex structure. 

(2) When the oscillator is employed in the PLL fre- 
quency synthesizer, the output cannot be fed into a 

'5 differential amplifier in double phases. As a result, 
a noise suppression function proper to the differen- 
tial amplifier cannot be utilized, which entails the 
needs of improving the noise immunity of the PLL 
frequency synthosizer. 

(3) Since a stripline is used in a transmission line of 
the resonatorcircuit, the quality factor (Q) of the res- 
onator is obliged to be suppressed at a certain level. 
The phase noise characteristics of the oscillator 
thus remains at unsatisfactory level. 

[0005] The conventional oscillators and the dovices 
or instruments employing the oscillators have a limit to 
be downsized, and need improvement in noise charac- 
teristics. 

Summary of the Invention 

[0006] The present invention aims to address the 
problems discussed above and provide a push-push os- 
cillator smaller as well as simpler and having better 
noise characteristics than the conventional one. The 
present invention also aims to provide devices or instru- 
ments which can accommodate and utilize this push- 
push oscillator. 

[0007] The push-push oscillator of the present inven- 
tion comprises the following elements'. 

(a) a resonator circuit comprising a transmission 
line of which both ends are left open and a f requen- 
cy-control-capacitanco coupled to the transmission 
line in parallel; 

(b) an oscillator circuit comprising two branch oscil- 
lators of which ends are coupled to the input side of 
respective branch oscillators; 

(c) two output terminals of a fundamental wave, 
coupled to the output side of respective branch os- 
cillators; and 

(d) an even-order harmonic output terminal coupled 
to a midpoint on the transmission line of the reso- 
nator circuit. 

[0008] The construction discussed above allows the 
oscillator to supply output signals as a fundamental 
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wave and an even-order harmonic from respective out- 
put terminals separately provided thereon. Further, this 
oscillator can eliminate an in-phase addition circuit 
which has been employed in a conventional oscillator. 
When this oscillator is employed in a PLL frequency syn- 
thesizer (hereinafter called a PLL synthesizer), the fun- 
damental wave can be input into a differential amplifier 

- an element of a phase-lock-loop integrated circuit (PLL 
IC) - in double phases so that noise immunity can be 
improvod. In this specification, the "double phases" 
means two signals in dilferent phases by 180°, and a 
"single phase" does not always mean a single signal but 
it is used in contrast with the meaning of this "double 
phase". 

[0009] An even-order harmonic output terminal of tho 
oscillator can be replaced with an even -order harmonic 
input terminal Further, when the even-order harmonic 
is fed into this input terminal, fundamental waves in an 
injection-locked condition can be taken out from the two 
output terminals of fundamental wave. In other words, 
this oscillator functions as a frequency divider. 
£0010] The oscillator of the prcsont invention can be 
further equipped with the following elements in addition 
to the resonator circuit and oscillator circuit. 

an in-phase addition circuit for adding output sig- 
nals from the respective branch oscillators; 
an even-order harmonic output terminal coupled to 
an output side of this in-phaso addition circuit; 
a transmission line couplod by rf magnetic field with 
the transmission line near its midpoint in the reso- 
nator circuit; and 

two fundamental-wave-output-terminals coupled to 
both the ends of the coupled transmission lino. 

[0011] The construction discussed above allows tho 
oscillator to supply output signals as a fundamental 
wave and an even-order harmonics from respective out- 
put terminals separately provided thereon, when this os- 
cillator is employed in a PLL synthesizer, the fundamen- 
tal wave can be input into a differential amplifier - an 
element of a phase-lock-loop integrated circuit (PLL IC) 

- in double phases so that a noiso immunity cam be im- 
proved. 

[0012] The construction discussed above can be re- 
worded as follows: 

( 1 ) a fundamental wave is tapped off in double phas- 
es from the oscillator circuit, and the oven-ordor- 
harmonic is tapped off in a single phase by coupling 
with rf electric field at the midpoint on the transmis- 
sion line; 

(2) the even-order-harmonic is fed into the oscillator 
circuit in a single phase by coupling with rf electric 
field at the midpoint on the transmission line; and 

(3) a fundamental wave is tapped off in double phas- 
es from the oscillator circuit by coupling with rf mag- 
netic field at the midpoint on the transmission line, 



and the even-order-harmonic is tapped off in a sin- 
gle phase from the oscillator circuit via the in-phase 
addition circuit. 

s [0013] This construction allows the oscillator and a 
PLL synthesizer or a wireless communication apparatus 
employing the oscillator to be downsized and simplified, 
which eventually contributes to power saving of these 
devices. This construction also improves noise immuni- 

10 ty as well as phase noise characteristics. This oscillator 
operates as an injection-locked oscillator so that rt func- 
tions as a frequency divider. 

Brief Description of the Drawings 

is 

[0014] Fig. 1 is a block diagram of a push-push oscil- 
lator in accordance with a first exemplary embodiment 
of the present invention. 

[0015] Fig. 2 is a block diagram of a push-push oscil- 
lator in accordance with a second exemplary embodi- 
ment of the present invention. 

[0016] Fig. 3A and Fig. 3B are block diagrams of a 
PLL synthesizer employing a push-push oscillator in ac- 
cordance with a third exemplary embodiment of the 
present invention. 

[0017] Fig. 4 is a block diagram of a push-push oscil- 
lator in accordance with a fourth exemplary embodiment 
of the present invention. 

[0018] Fig 5A is a block diagram of a push-push os- 
cillator in accordance with afifth exemplary embodiment 
of the present invention. 

[0019] Fig. 5B is a circuit diagram of a simplo in-phase 
addition circuit used in the fifth exemplary embodiment 
of the present invention. 

[0020] Fig. 6 is a perspective view of a push-push os- 
cillator in accordance with a sixth exemplary embodi- 
ment of the present invention. 

[0021] Fig 7 is a perspective view of a push-push os- 
cillator in accordance with a seventh exemplary embod- 
iment of the present invention. 
[0022] Fig. 8 is a block diagram of a PLL synthesizer 
employing a push-push oscillator in accordance with an 
eighth exemplary embodiment of the present invention. 
[0023] Fig 9 is block diagram of a wireless communi- 
cation apparatus employing a push-push oscillator in 
accordance with a ninth exemplary embodiment of the 
present invention. 

[0024] Fig. 1 0A is a plan view of a conventional reso- 
nator. 

[0025] Fig. 10Bisaplan viewof a conventional hairpin 
type resonator 

[0026] Fig. 10C is a block diagram of a conventional 
push-push oscillator. 



[0027] Before the exemplary embodiments are de- 
scribed, a fundamental background of this component 
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Exemplary Embodiment 2 

[0032] Fig. 2 is a block diagram of a push-push oscil- 
lator in accordance with the second exemplary embod- 
iment of the present invention. In Fig. 2, elements 11, s 
and elements 13 through 19 are the same in the first 
exemplary embodiment. Two branch coaxial resonators 
20 and 21 electrically identical have electrical length of 
one quarter of fundamental wavelength and are con- 
structed as follows: these two coaxial resonators, of io 
which respective first ends are open and respective sec- 
ond ends are short-circuited, should be left open at both 
respective ends. At each end, inner conductors are cou- 
pled with each other and outer conductors are coupled 
with each other, when both the outer conductors share is 
the ground-plane, they need not to bo coupled with each 
other. The inner conductors of the coaxial resonator, of 
which both ends are left open and have electrical length 
of one half of fundamental wavelength, are in general 
covered by the outer conductor (ground-piano) except 20 
its both ends. Therefore, the minimum voltage point at 
the fundamental wave, i.e. a point on the inner conduc- 
tor corresponding to the midpoint of the coaxial resona- 
tor, cannot be taken out to the outside. However, in the 
two coaxial resonators where the inner and outer con- 2 $ 
ductors are short-circuited at their respective first ends, 
the short-circuited faces are left open so that respective 
inner conductors can be taken out to the outside. Those 
inner conductors are coupled as discussed above so 
that these coupling points can work in an electrical way 30 
equivalent to the midpoint of the first embodiment. In 
other words, even-ordor harmonics can be coupled by 
rf electric field and then taken out via capacitance 18 
selectively as same as the first embodiment. A great ad- 
vantage of this second embodiment is that a coaxial res- 35 
onator of high Q-factor can be employed in the resonator 
circuit, so that phase-noise-characteristics of the oscil- 
lator is improved. 

Exemplary Embodiment 3 <*o 

[0033] Fig. 3A is a block diagram of a PLL synthesizer 
employing a push-push oscillator in accordance with the 
third exemplary embodiment of the present invention. 
This third embodiment employs a PLL synthesizer in ad- *s 
dition to the first embodiment. Elements 10, 13-15, and 
18-19 in Fig. 3a are the same as those in the first em- 
bodiment. Block 35 is a PLL IC available on the market. 
Frequency divider 31 has a division number of integer 
"R", and frequency divider 32 has a division number of so 
integer 'N'. An output signal of the oscillator is fed into 
frequency divider 32 in double phases, then turned to a 
signal having a 1/N divided frequency. A fundamental 
frequency fed into input terminal 37 of IC 35 is divided 
by frequency dividor 31 into 1/R and thon turned to a S5 
signal accordingly. Phase comparator 33 detects phase 
errors between these two signals and inputs the result- 
ant errors into charge pump 34, which then produces 



current pulses having pulse-widths responsivo to sizes 
of each error signal and supplies the currant pulses to 
the outside. Low-pass-filter (LPF) 36 removes ac com- 
ponents from the current pulses and then outputs a dc 
voltage. This dc voltage controls a voltage-controlled 
capacitance 37 so that the circuit in Fig. 3a can function 
as a PLL. In this third embodiment, oscillator circuit 15 
and differential amplifier 30 can be coupled in double 
phases so that output powcrof circuit 15can be reduced 
approximately by 3 dB comparing with the coupling in a 
single phase Further, in-phase component of external 
noises can be suppressed so that noise immunity of the 
PLL synthesizer is improved. Since this oscillator can 
output the fundamental wave and even-order harmonics 
independently at the same time from respective output 
terminals disposed at the oscillator, the PLL synthesizer 
can be downsized and simplified. This oscillator has an- 
other advantage that it can save power comparing with 
the conventional oscillator which supplies even-order- 
harmonics to a PLL IC and takes out the harmonics as 
output signals to the external circuit. 
[0034] Oscillator circuit 1 5 of this embodiment can be 
included in IC 35, or on the contrary, parts of differential 
amplifier 30 and frequency divider 31 can be outside IC 
35 with the same effect. Resonator circuit 22 can be 
formed by capacitance 11 and coaxial resonators 20 
and 21 as shown in Fig. 3b with the same effect. In ad- 
dition, resonator circuit 22 can improve phase noise 
characteristics of the oscillator as same as the second 
embodiment 

Exemplary Embodiment 4 

[0035] Fig 4 is a block diagram of a push-push oscil- 
lator in accordance with the fourth exemplary embodi- 
ment of the present invention. Resonator circuit 12 com- 
prising transmission line 10 and capacitance 11 , and os- 
cillator circuit 15 comprising branch oscillators 13 and 
14 are the same as those in the first embodiment. This 
oscillator of the present invention substantially differs 
from a conventional one in the following points: 

(1) This oscillator has fundamental-wave-output- 
terminals 16 and 17 on the output sides of branch 
oscillators 13 and 14. 

(2) This oscillator has even-order-harmonics-input- 
terminal 40 at the midpoint of transmission line 10. 

[0036] As discussed in the first embodiment, the mid- 
point of line 10 receives the maximum voltage i.e. the 
maximum strength of rf electric field for the even-order 
harmonics. When even-orderharmonics are fed info this 
point via coupling capacitance 18, the coupling by rf 
electric field can be easily achieved by even-order har- 
monics because they have the maximum strength of rf 
electric field at Ihis point. In other words, this midpoint 
is in a high injection sensitivity for even-order harmon- 
ics. An injection-locked condition can be realized with 
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each other completely. Therefore, lino 70 could be dis- 
posed freo from increasing area occupied by the oscil- 
lator. As a result, not only the oscillator per se but also 
the devices or instruments which employ this oscillator 
can be downsized and simplified. This is the same effect s 
as the fifth embodiment. 

[0044] The thickness of lines 10 and 70 is indicated 
by dimension 73. Conductive through-holes 71 and 72 
couple respective ends of lines 10 and 70 as shown in 
Fig. 7. When a transmission line is formed in an into- 'o 
grated circuit, thickness 73 of strip conductor is, in gen- 
eral, thinner than the skin depth of the conductor. A sur- 
face resistance of the strip conductor al a high frequoncy 
thus grows, thereby incroasing transmission loss. As 
shown in Fig. 7, respective ends of two lines can be cou- '5 
pled with through holes 71 and 72, whereby high-fre- 
quency-current running in the transmission line is divid- 
ed into these two lines. Surface resistance can be thus 
practically reduced to a half. As a result, Q-factor of the 
resonator is raised and phase-noise-characteristics of 20 
the oscillator are improved. Further, this seventh em- 
bodiment produces another advantage of reducing dc 
loss of the resonator. Other operations as an oscillator 
are the same as those in the fifth embodiment. 

25 

Exemplary Embodiment 8 

[0045] Fig. 8 is a block diagram of a PLL synthesizer 
employing a push-push oscillator in accordance with the 
eighth exemplary embodiment of the present invention. 3 <> 
Elements 10-15 and 50 - 56 used in this eighth embod- 
iment are the same as those in the fifth embodiment. As 
a standard signal source 80, a temperature-compensat- 
ed-crystal-oscillator (TCXO) having highly stable oscil- 
lation characteristics is often used. Frequency divider 35 
81 having a division number of integer "R" comprises a 
CMOS counter, and frequency divider 82 having a divi- 
sion number of integer "N" comprises a differential emit- 
ter coupled logic (ECL) and a CMOS counter. Output 
signals of the oscillator are fed from fundamental output to 
terminals 53 and 54 into frequency divider 82 in double 
phases, so that they turn to signals having a frequency 
divided into1/N. On the other hand, the signals of stand- 
ard signal source 80 undergo frequency divider 81, so 
that they turn to signals having a frequency divided into 45 
1/R. Phase comparator 83 detects phase errors be- 
tween these two signals, and charge pump 84 produces 
current pulses having a pulse width responsive to the 
error signal and outputs the current pulses through PLL 
IC 85. Then LPF 86 removes ac components from the so 
current pulses, thereby outputting a dc voltage This out- 
put signal controls a capacitance of voltage -cont rolled- 
capacitance 11 so that the circuit shown in Fig. 8 prac- 
tices a PLL operation. As a result, signals phase-locked 
with standard-signal-source 80 can be supplied from 55 
terminal 56. In this embodiment, output terminals 53 and 
54 of the oscillator can be coupled with the input termi- 
nals of frequency divider 82 in double phases, thus a 



PLL synthesizer having excellent noise immunity is ob- 
tainable. Since this oscillator can output the fundamen- 
tal wave and even-order harmon ics independently at the 
same time from respective output terminals disposed at 
the oscillator, the PLL synthesizer can be downsized 
and simplified. Other operations as an oscillator are the 
same as those in the fifth embodiment. The differential 
ECL used in this eighth embodiment can be replaced 
with a differential source coupled logic (SCL) with the 
same offoct. 

Exemplary Embodiment 9 

[0046] Fig. 9 is a block diagram of a wireless commu- 
nication apparatus employing a push-push oscillator in 
accordance with the ninth exemplary embodiment of the 
present invention. Elements 56 and 87 used in this ninth 
embodiment are the same as those in the eighth em- 
bodiment, the descriptions thereof are thus omitted. An- 
tenna 90 is a receiving/transmitting antenna for receiv- 
ing and transmitting radio-frequency-waves. Antenna 
switch 91 switches antenna 90 between a receiving cir- 
cuit and a transmission circuit. This apparatus acts as 
follows at receiving: a modulated signal - received by 
antenna 90 and undergone antenna switch 91 - is weak 
in general, and amplifier 92 thus amplifies this signal so 
that least noises are added to the signal. Band-pass- 
filter (BPF) 93 suppresses unnecessary waves in the 
signal, then down-converter 94 which employs PLLsyn- 
thesizer 87 as a local oscillator converts the signal into 
an intermediate frequency (IF). Finally, IF circuit 98 de- 
modulates the signal. At transmitting, up-convorter 95 
employing PLL synthesizer 87 as a local oscillator con- 
verts a modulated signal supplied from IF circuit 98 into 
a high frequency. After BPF 96 suppresses unneces- 
sary waves in the signal, amplifier 97 amplifies the signal 
up to an output power level required The signal under- 
gone antenna switch 91 is radiated by antenna 90 into 
free space. In this embodiment, both al receiving and 
transmitting, since PLL synthesizer 87 - being down- 
sized and simplified as well as having excellent noise 
immunity-functions also as a local oscillator, the wire- 
less communication apparatus in accordance with this 
ninth embodiment can be downsized and simplified as 
well as have excellent noise immunity. Other operations 
as a PLL synthesizer are the same as those in the eighth 
embodiment, thus the descriptions thereof are omitted 
[0047] As discussed above, the push-push oscillator 
of the present invention embodies tho following advan- 
tages: 

(a) The oscillator outputs a fundamental wave from 
an oscillator circuit, and also outputs even-order- 
harmonics through coupling by rf electric field in a 
single phase at a midpoint of a transmission line. 

(b) The oscillator inputs even-order-harmonics 
through coupling by rf electric field in a single phase 
at the midpoint of the transmission line. 
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wherein said first and said second fundamental- 
wavG-output-terminals are coupled to input termi- 
nals in double phases of one of a differential ampli- 
fier and a frequency divider, which is included in a 
s PLL synthesizer. 

4. The push-push oscillator as defined in Claim 1 
wherein said first and said second fundamental- 
wave-output-terminals are coupled to input termi- 
io nals in double phases of one of a differential ampli- 
fier and a frequency divider, which is included in a 
PLL synthesizer employed in a wireless communi- 
cation apparatus. 

f s 5. A push-push oscillator operating with a high fre- 
quency comprising: 

(a) a resonator circuit comprising: 



(c) The oscillator outputs the fundamental wave in 
double phases through coupling by rf magnetic field 
near the midpoint of the transmission line, and out- 
puts the even-order-harmonics in a single phase 
from the oscillator circuit via an in-phase addition 
circuit. 

[0048] These advantages allow the oscillator to be 
downsized and simplified comparing with a convention- 
al one, and to function as a frequency divider. The 
present invention also provides devices and instru- 
ments which can accommodate the push-push oscilla- 
tor. 



Claims 

1. A push-push oscillator operating with a high fre- 
quency comprising. 

20 

(a) a resonator circuit comprising: 



(b) an oscillator circuit comprising: 

a first branch oscillator coupled with the 
first end at an input side of said first branch 
oscillator; and 

a second branch oscillator electrically iden- 
tical to said first branch oscillator, said sec- 
ond branch being coupled with the second 
end at an input side of said second branch 
oscillator; 

(c) a first and a second fundamental-wavc-ter- 
minals coupled to respective output terminals 
of said first and said second branch oscillators; 
and 

(d) an even-order-harmonic-output-terminal 
coupled to, via a coupling capacitance, a mid- 
point of said transmission line in a transmitting 
diroction. 

2. The push-push oscillator as defined in Claim 1 
wherein said transmission line forms two coaxial 
resonators which are electrically identical, of which 
respective inner conductors are coupled with each 
other at one contacting point on a side of first end, 
and of which respective second end faces are left 
open, and wherein said even-ordor-harmonic-out- 
put-terminal is coupled to the contacting point via a 
coupling capacitance. 

3. The push-push oscillator as defined in Claim 1 



a transmission line of which first and sec- 
ond ends are left open; and 
a capacitance for frequency control cou- 
e in parallel; 



(a) a resonator circuit comprising. 



a transmission line of which first and sec- 
ond ends are left open; and 
a capacitance for frequency control cou- ss 
pled with said transmission line in parallel; 
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pled with said transmission lin 

(b) an oscillator circuit comprising: 

a first branch oscillator coupled with the 
first end at an input side of said first branch 
oscillator; and 

a second branch oscillator electrically iden- 
tical to said first branch oscillator, said sec- 
ond branch being coupled with the second 
end at an input side of said second branch 
oscillator; 

(c) a first and a second fundamental-wave-ter- 
minals coupled to respective output terminals 
of said first and said second branch oscillators; 
and 

(d) an even-order-harmonic-input-terminal 
coupled to, via a coupling capacitance, a mid- 
point of said transmission line in a transmitting 
direction. 



45 6. The push-push oscillator as defined in Claim 5 
wherein said transmission line forms two coaxial 
resonators which are electrically identical, of which 
respective inner conductors are coupled with each 
other at one contacting point on a side of first end, 

so and of which respective second end faces are left 
open, and wherein said even-order-harmonic-in- 
put-terminal is coupled to the contacting point via a 
coupling capacitance. 



55 7. A push-push oscillator operating with a high fre- 
quency comprising: 
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a transmission line of which first and sec- 
ond ends are loft open; and 
a capacitance for frequency control cou- 
pled with said transmission line in parallel; 

5 

(b) an oscillator circuit comprising; 

a first branch oscillator coupled with the 
first end at an input side of said first branch; 
and 10 
a second branch oscillator electrically iden- 
tical to said first branch oscillator, said sec- 
ond branch being coupled with the second 
end at an input side of said second branch; 

15 

(c) an in-phase addition circuit outputting a sig- 
nal formed by adding up respective output sig- 
nals of said first and said second branch oscil- 
lators; 

(d) an even-order-harmonic-output-terminal 20 
coupled to an output side of said in-phase ad- 
dition circuit; 

(e) a coupling line disposed in parallel near a 
midpoint of said transmission line in a transmit- 
ting direction; and 25 

(f) a first and a second fundamental-wave-ter- 
minals couplod to both ends of said coupling 
line via a coupling capacitance; 

8. The push-push oscillator as defined in Claim 7 so 
wherein said transmission line and said coupling 
line are formed by film of strip conductor placed on 
a dielectric layer, wherein said respective conductor 
films sandwich said dielectric layer in between, and 
wherein part of said transmission line and said cou- 35 
pling line overlies each other with said dielectric lay- 
er in between. 



fier and a frequency divider, which is included in a 
PLL synthesizer employed in a wireless communi- 
cation apparatus. 



9. The push-push oscillator as defined in Claim 7 
wherein said transmission line is formed by two *o 
sheets of said conductor films, both are identically 
shaped, and these two films sandwich said dielec- 
tric layer in between and the two films overlie each 
other completely, and wherein respective ends of 

the two films are coupled each other with conduc- 45 
tive through-holes. 

10. The push-push oscillator as defined in Claim 7 
wherein said first and said second fundamontal- 
wave-output-terminals are coupled to input termi- so 
nals in double phases of one of a differential ampli- 
fier and a frequoncy divider, which is included in a 
PLL synthesizer. 

11. The push-push oscillator as defined in Claim 7 55 
wherein said first and said socond fundamental- 
wave-output-terminals are coupled to input termi- 
nals in double phases of one of a differential ampli- 
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